Spxl, a novel mouse homeobox gene, encodes a homeodomain characteristic of the paired-like class of homeobox genes and has been mapped to the distal end of the X chromosome. Northern blot hybridization of adult tissues detected high levels of a single Spxl transcript in the testis. Further analysis by in situ hybridization revealed predominant Spxl expression within the spermatogonia/preleptotene spermatocytes and round spermatids of spermatogenic stages IV-VII. These expression data suggest SPX1 may play a role in the regulation of spermatogenesis.
I. Introduction
Germ cells provide the genetic bridge between generations, and as the only cells capable of surviving the death of the body, they may be viewed as potentially immortal. The generation of this 'immortal' lineage occurs via two phases in the mouse, a developmental phase and a differentiation phase (McCarrey, 1993) . Developmentally, the primordial germ cells (PGCs) originate from the extraembryonic mesoderm and subsequently migrate to and colonize the genital ridge. Following a period of active proliferation, the PGCs within the male become quiescent and differentiate into prospermatogonia. Spermatogenesis, the differentiation phase, begins at puberty and includes the ordered differentiation of prospermatogonia into mitotic spermatogonia, meiotic spermatocytes, haploid spermatids, and finally mature spermatozoa (Russell et al., 1990; Gilbert, 1994; Poccia, 1994) . This progression from prospermatogonia to mature spermatozoa has been well defined and makes spermatogenesis an attractive system in which to study the glin, 1994). Mutational analyses in the fly and the mouse, including loss-of-function and gain-of-function experimentation, have shown that both clustered and non-clustered homeobox genes play an important role in the establishment and maintenance of embryonic patterning (McGinnis and Krumlauf, 1992; Krumlauf, 1994; Stein et al., 1996) .
Although homeobox genes are known to be intricately involved in the development of the embryo, less is known about their function in processes of differentiation in the adult organism. As previously stated, spermatogenesis represents such a process, and interestingly, several homeobox genes are expressed within the adult mouse testis. For example, Hoxa4 expression within the adult mouse is restricted to certain germ cell types of the testis, specifically the pachytene spermatocytes and round and elongating spermatids (Watrin and Wolgemuth, 1993) . Hoxa3 and Hoxa5, which flank Hoxa4 in the Hox A cluster, and Hoxb4 and Hoxd4, paralogues of Hoxa4, are also expressed in the testis along with several other Hox genes, including Hoxb7, c6, c8, c9 , and d9 (Meijlink et al., 1987; Sharpe et al., 1988; Doll6 and Duboule, 1989; Peterson et al., 1992; Watrin and Wolgemuth, 1993) . In addition, several dispersed homeobox genes are expressed within the adult murine testis:
Sprml, a rat POU domain homeobox gene, is expressed in primary spermatocytes (Andersen et al., 1993) ; Pem, aprdlike homeobox gene, is expressed in Sertoli cells (Lindsey and Wilkinson, 1996a) ; and Curl1 (Cuxl), a homologue of the Drosophila gene cut, is expressed in round spermatids (Vanden Heuvel et al., 1996) . Pou5fl (0ct3/4), Pou3fl (Oct6) , Pou2f3 (Epocl/Octl la), and Pou6fl (Brn5) (POU class) ; Pmxl (K2/Mhox) and Pax5 (PRX superclass); and Gtx also display testis expression (Lindsey and Wilkinson, 1996b; Stein et al., 1996 .) The expression of the above genes within the adult murine testis suggests that a variety of homeobox genes are involved in the intricately regulated process of spermatogenesis.
In this communication, we present the primary characterization of Spxl, a novel mouse homeobox gene expressed during spermatogenesis. Spxl encodes a prd-like homeodomain and genetically maps to the X chromosome. Of the adult tissues examined, Spxl expression was detected only in the testis. Further analysis of this expression showed Spxl transcripts to be localized to the spermatogenic cell epithelium of the seminiferous tubule, with strong expression in stage IV-VII spermatogonia/preleptotene spermatocytes and round spermatids. These results suggest that SPX1 may play a role in the regulation of transcription during spermatogenesis.
Results

Isolation of Spxl cDNA
A homeobox probe from Lhx4, originally named Gsh4 (Li et al., 1994) , was used to screen several mouse embryonic cDNA libraries, and two clones encoding a novel homeobox gene were isolated from two separate embryonic day 8.5 (E8.5) libraries. Based upon its pattern of expression, this gene has been designated Spxl (spermatogenic homeobox_). The larger of the two cDNA clones contains 1616 base pairs (bp) and fully encompasses the smaller clone, which is 1052 bp long and begins at nucleotide (nt) 565 of the larger clone. The sequence and open reading frame of the larger clone are depicted in Fig. 1A . The putative initiation codon and its surrounding nucleotides, (GCT)CCGGTCATGG, are a reasonable match to the vertebrate consensus translation start site, (GCC)GCC(A/ G)CCATGG, and are preceded by an in-frame stop codon at nt 168, which suggests this sequence represents the true translational start site (Kozak, 1987) . There is also a consensus polyadenylation signal beginning 22 nt upstream of the poly (A) tall. The predicted SPX1 protein is 382 amino acids (aa) long and contains several interesting features in addition to its homeodomain. First, the amino-terminal half of the protein (aa 1-184) is rich in glutamic acid (18%; 33/184 aa). Similar negatively charged regions have been found to play important roles in transcriptional activation by transcription factors such as GAL4 and VP16 (Ptashne, 1988) . Second, the carboxy-terminal half of SPX1 (aa 247-382) is rich in proline (35%; 47/136 aa), and proline-rich sequences have been implicated in both transcriptional activation and repression (Mitchell and Tjian, 1989; Han and Manley, 1993) . The possible transcriptional regulatory function of both these regions is consistent with the role of homeodomain proteins as transcription factors.
A comparison of the SPX1 homeodomain sequence with other related homeodomain sequences is shown in Fig. lB. This comparison places Spxl in the PRX superclass of homeobox genes (BUrglin, 1994) . The PRX superclass consists of two subclasses: the paired (prd) and the prd-like. The prd class of homeobox genes encodes proteins characterized by the presence of a serine residue at position 9 of helix 3 of the homeodomain and the presence of another conserved DNA-binding domain, the prd domain. The proteins encoded by gene members of the prd-like family fit neither of the prd class criteria, but still contain homeodo- (Opstelten et al., 1991) ; ARISTALESS (AL) (Schneitz et al., 1993) ; PMX1 (Cserjesi et al., 1992; Kern et al., 1992) ; CART1 (Zhao et al., 1993; Gordon et al., 1996) ; ORTHOPEDIA (OTP) (Simeone et al., 1994); PMX2 (Valareh6 et al., 1993) ; PAX3 (Goulding et al., 1991) ; PAX6 (Walther and Gruss, 1991) ; PAX7 (Jostes et al., 1990) ; PAIRED (PRD) (Frigefio et al., 1986) .
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mains which are 55-75% identical to the prd class homeodomains. The protein encoded by Spxl has a glutamine residue at position 9 of helix 3 of the homeodomain, no prd domain, and approximately 55% homeodomain sequence identity with the prototypical prd family members (prd, Pax3, 6, and 7) . Thus, Spxl is a prd-like homeobox gene.
Chromosomal localization of Spxl
In order to determine the chromosomal localization of
Spxl, an 829 bp cDNA fragment 5' of the homeobox was used to probe Southern blots of DNA obtained from 94 N2 segregants from the backcross (C57BL/6JEi x SPRET/ Ei)F1 x SPRET/Ei (BSS). This panel of interspecific backcrosses has previously been characterized for a large number of genetic markers, thus allowing the placement of new loci (Rowe et al., 1994) . The cDNA fragment generated a discrete pattern of hybridization to C57BL/6J (B6) and Mus spretus DNA digested with various restriction enzymes. The majority of enzymes assayed exhibited a restriction fragment polymorphism between the two strains. PvuIl was chosen for mapping and resulted in a 4 kilobase (kb) band in both strains, along with unique bands of 2 and 2.2 kb in the B6 and spretus strains, respectively. The 4 kb band showed two distinct segregating intensities, indicative of X chromosome linkage. The 2.2 kb spretus band was present in zero, one, or two copy intensity, and the 2 kb B6 band showed a single intensity ÷/-segregation. The presence/absence of this 2 kb band was scored, and the data compared to the segregation of all other markers in the BSS cross. Linkage to DXMit4 and nearby markers on the X chromosome was found as shown in Fig. 2 .
Expression of Spxl within the adult testis is dependent upon the germ cell lineage
The cloning of Spxl from an E8.5 cDNA library suggests expression during embryogenesis. Whole mount in situ hybridizations using three separate cDNA fragments from outside the homeobox were performed on mouse embryos collected from E8.5-E11.5. Section in situ hybridizations using the whole cDNA were also performed on embryos from E9.5, E11.5, and E13.5. No significant expression of Spxl above background levels was detected by either method at any of these time points (data not shown). In addition, Northern blot analysis using a 775 bp probe 5' of the homeobox failed to detect any message in total RNA isolated from cystic embryoid bodies derived from CCE embryonic stem (ES) cells (data not shown) (Bradley et al., 1984 RNA, suggests the cDNA described in this report is near full-length. Development of the prepubertal mouse testis is characterized by the synchronous maturation of different spermatogenic cell types during the initial wave of germinal differentiation, allowing gene expression within the spermatogenic epithelium to be correlated with specific germ cell types by probing testis RNA isolated from mice of various ages (Bellv6 et al., 1977; McCarrey, 1993) . On postnatal day 8, type A spermatogonia begin to give rise to type B spermatogonia. Preleptotene and leptotene spermatocytes start to appear around day 10. Zygotene primary spermatocytes are first observed on day 12, pachytene spermatocytes on day 14, and secondary spermatocytes on day 18. On day 20, round spermatids first appear, and by day 30, condensing spermatids are present in the seminiferous tubules. The total cycle, from stem cell to mature spermatozoan, takes 34.5 days in the mouse. As shown by the Northern blot in 
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GAPOH GAPDH hybridization to a radiolabeled Gapdh probe. The extra Gapdh band at day 30 corresponds to a testis-specific transcript, Gapd-s (Welch et al., 1992 spermatogonia, since these are the only testicular cell types always present from postnatal day 6 onward.
To further define the testicular expression of Spxl, total RNA from the testes of mutant mice homozygous at the white spotting locus (W) or the steel (Sl) locus was hybridized to an Spxl probe. W and Sl encode the c-kit tyrosine kinase receptor and its ligand, steel factor, respectively, and mutations at these loci result in the impaired proliferation and migration of primordial germ cells during embryonic development (Matsui et al., 1990; Motro et al., 1991) . Consequently, the testes from these mutants are devoid of germ cells but contain the normal complement of somatic cells.
Northern blot analysis detected Spxl transcripts in RNA from wild type but not W or Sl mutant testes, indicating that Spxl expression depends upon and may be restricted to the germ cell lineage (Fig. 3B) . To further confirm these results, in situ hybridization of an Spxl probe to the seminiferous tubules of a homozygous Bmp8b -/-mutant mouse was performed (Fig. 4) . These mutants exhibit two separate spermatogenic defects. First, following the onset of puberty, 20-30% of these mutant mice exhibit a failure of germ cell proliferation, while the remainder display a proliferative retardation and delayed differentiation of germ cells. Second, within the latter population, increased apoptosis of spermatocytes during adulthood results in germ cell depletion and sterility. 
Spermatogenic stage-specific expression of Spxl in the testis
To characterize the expression of Spxl within the spermatogenic cell epithelium of the seminiferous tubule, in situ hybridization experiments were performed on paraffin sections of developing mouse testis from E16.5, postnatal day 4, and postnatal weeks 1-6, 12, and 30. (Sections of epididymis and ovary were also examined, and no significant expression of Spxl above background was detected (data not shown).) As previously stated, a hallmark of mouse testicular development is the synchronous maturation of specific germ cell types as the first wave of spermatogenesis proceeds (Oakberg, 1956; Russell et al., 1990) . This highly ordered wave of development is further characterized by its advancement along the longitudinal axes of the seminiferous tubules. Thus, each tubule cross-section contains concentric circles of developing germ cells. In this arrangement, spermatogonia are located along the periphery of the tubule, with rings containing increasingly more differentiated cell types progressing toward the lumen, and since the progression of cells towards the lumen is occurring at the same time waves of spermatogenesis are advancing longitudinally, each tubule cross-section contains a particular association of cells that can be recognized as distinct.
Spxl transcripts were not detected in E16.5 or postnatal day 4 testis sections (data not shown; Fig. 5A ), but sections from mice 1 and 2 weeks old show high levels of Spxl expression at the periphery of certain seminiferous tubules (Fig. 5B,C) . Testis sections from mice at 4, 6, and 12 weeks of age reveal strong expression of Spxl at both the periphery and the center of specific tubules (Fig. 5D-F ). Expression at 30 weeks does not differ from that seen at 12 weeks (data not shown). Interestingly, the concentric gap of expression intensity suggests a down-regulation of Spxl expression at an intermediary stage of spermatogenesis ( Fig. 5D-F) .
These results show a characteristic pattern of Spxl expression within approximately one-third of the seminiferous tubules examined. This expression profile is consistent with the message levels detected by the developmental Northern blot analysis, but reveals Spxl expression in germ cell populations other than the spermatogonia. Higher power magnification of these testis sections shows that Spxl expression is associated with certain germ cell types at specific spermatogenic stages. Fig. 6A reveals a high concentration of silver grains over the spermatogonia of the testis of a 1 week old mouse. Regions of high grain density in 2 or 3 week old testes are localized to spermatogonia/preleptotene spermatocytes (Fig. 6B,C) . The expression patterns in Fig. 6A ,B correspond to the peripheral expression of Spxl seen in Fig. 5B ,C. Examination of sections of testes isolated from mice 4 weeks old shows strong expression not only in the spermatogonia/preleptotene spermatocytes but also in round spermatids (Fig. 6D ). This spermatid expression corresponds to the central expression seen in Fig. 5D-F . These results demonstrate that many tubules exhibiting strong spermatogonial expression of Spxl are present throughout the initial wave of spermatogenesis, with the fourth week of postnatal development revealing strong expression of Spxl in the round spermatid populations of those tubules exhibiting spermatogonial expression. The organization resulting from the ordered differentiation within each seminiferous tubule allows spermatogenic cycling to be arbitrarily divided into 12 consecutive stages, denoted by Roman numerals, based on the characteristic morphological appearance and cellular associations of spermatogonia, spermatocytes, and spermatids in each stage (Oakberg, 1956; Russell et al., 1990) . Furthermore, spermiogenesis, the maturation of the spermatids into spermatozoa, can be divided into 16 distinct steps denoted by Arabic numerals (Oakberg, 1956; Russell et al., 1990) . Analysis of the in situ hybridizations on testicular sections from 12 week old mice revealed strong Spxl expression in stages IV-VII (Fig. 6E-H) . Stages IV-V of spermatogenesis are characterized by tubules containing a single layer of intermediate or type B spermatogonia, respectively, a single layer of pachytene spermatocytes, and a double layer of spermatids. The double layer consists of an outer ring of round spermatids (steps 4-5 of spermiogenesis) next to an inner ring of elongating spermatids progressing towards eventual release into the tubule lumen (step 15 of spermiogenesis). Spxl expression in stages IV-V is predominantly restricted to the spermatogonia and the round spermatids (Fig. 6E,F) . Stages VI-VII are characterized by a single layer of type B spermatogonia or preleptotene spermatocytes, respectively, a single layer of pachytene spermatocytes, and a double layer of spermatids. The round and . High power magnification of seminiferous tubules hybridized with Spxl antisense probe during development (1-12 weeks after birth) and the cycling of seminiferous epithelium (12 weeks of age). Only bright-field photomicrographs were taken to reveal association of silver grains with specific cell types. Sections were counter-stained with hematoxylin alone, therefore only nuclei were shown. Silver grains were associated with both the nuclei and cytoplasm reflecting the presence of mRNA in both. (A) Seminiferous tubules with silver grains associated with spermatogonia (arrows) of a 1 week old mouse. (B,C) A seminiferous tubule of a 2 week old and 3 week old mouse, respectively, with high-density silver grains associated with spermatogonia/preleptotene spermatocytes (arrows). (D) A seminiferous tubule of a 4 week old mouse with high-density silver grains associated with spermatogonia/preleptotene spermatocytes (arrows) and round spermatids (arrowheads). (E-H) Seminiferous tubules of a 12 week old mouse. High levels of silver grains were predominanfly associated with spermatogonia/preleptotene spermatocytes (arrows) and round spermatids (arrowheads) in stages IV-VII. Bar = 160/~m. elongated spermatids correlate with steps 6-7 and 15-16 of spermiogenesis, respectively. Similar to stage IV-V expression, stages VI-VII exhibit Spxl expression predominantly in the spermatogonia/preleptotene sperrnatocytes and round spermatids (Fig. 6G,H) .
Discussion
For several reasons, the process of spermatogenesis provides an excellent system in which to study a highly regulated developmental pathway in an adult organism (Lindsey and Wilkinson, 1996b) . First, the cells of both the somatic and germinal components of the mouse testis have been extensively characterized histologically, and these characterizations, in turn, have allowed spermatogenesis to be broken down into specific stages based on the presence of certain cell types and their relation to one another. Second, techniques have been developed which allow the isolation of relatively pure populations of the different cell types within the testis. Third, gametic maturation is dependent on certain cell-cell interactions in the testis, and these interactions have been extensively studied. Lastly, several lines of mutant mice exist which have defects at different stages of spermatogenesis. All of the above will aid and complement effolxs to understand the molecular mechanisms underlying spermatogenesis. One important step in this effort is the identification and characterization of regulatory proteins, especially transcription factors, present in the testis. In this paper, we have described a novel homeobox gene, Spxl, expressed during spermatogenesis.
Homeobox genes can be grouped into subfamilies based on amino acid homology between encoded homeodomain sequences. Spxl encodes a novel mouse homeodomain protein which can be classified as a member of the prd-like family (Fig. 1B) . Within the mouse, the SPX1 homeodomain exhibits the highest level of sequence identity with the homeodomain of $8 (62%), which is mesodermally expressed during development, primarily in the craniofacial mesenchyme, the limbs, and the genital tubercle (Opstelten et al., 1991) . Previously isolated prd-like genes from other species do not show sufficient homology to Spxl to suggest they represent true orthologues (Biirglin, 1994) . Since members of the prd-like family have been implicated in a wide range of both embryonic and adult processes, the classification of the homeodomaln of SPX1 as prd-like lends little insight into its possible function.
Spxl was genetically mapped to the distal end of the mouse X chromosome (Fig. 2) . Interestingly, the X chromosome pairs 'with the Y chromosome during meiotic prophase via a pseudoautosomal region and forms the heterochromatic sex body (Tres, 1977; Handel and Hunt, 1992; McKee and Handel, 1993) . The sex body is believed to be transcriptionally inactive, thus leading to the idea that genes on the sex chromosomes are not transcribed during the later stages of spermatogenesis (Handel and Hunt, 1992; McKee and Handel, 1993; Shannon and Handel, 1993) . However, spermatid expression of Spxl suggests transcription is postmeioticaUy reactivated. Furthermore, several other X-and Y-linked genes are expressed in spermatids, and studies on the chromatin structure of the X-linked gene Pgkl suggest transcriptional inactivation is primarily restricted to the pachytene stage (Hendriksen et al., 1995; Kumari et al., 1996; Odorisio et al., 1996; Moss et al., 1997) . The localization of Spxl to the X chromosome also predicts only half of the haploid spermatid population should express Spxl, yet transcripts are apparent in all stage IV-VII round spermatids. This strongly suggests Spxl mRNA is shared between adjacent spermatids via intercellular cytoplasmic bridges, a characteristic of germ cell development resulting from incomplete cytokinesis after DNA synthesis and nuclear division. Such sharing of RNA and/or protein among neighboring spermatids has been observed previously (Braun et al., 1989; Caldwell and Handel, 1991; Moss et al., 1997 (Fig. 3A) . Northern analysis also showed that expression of Spxl was undetectable in the testes of the germ cell depleted white spotting and steel mutants (Fig. 3B) , while in situ hybridization to testes of Bmp8b -/-mutants revealed an absence of detectable Spxl expression in germ cell-deficient seminiferous tubules (Fig.   4 ). These analyses of mutant testes demonstrate that Spxl expression requires the presence of the germ cell lineage. In addition, they suggest that Spxl expression within the testis is germ cell restricted. Nevertheless, the possibility of Sertoli cell expression can not be definitively excluded, since an expanding body of data has shown that the regulation of gene expression within Sertoli cells can be dependent upon interactions with maturing germ cells (Wright, 1993; Griswold, 1995) . Finally, in situ hybridization to sections of testes from various postnatal days allowed Spxl expression to be tracked and localized during the initial wave of spermatogenesis (Figs. 5 and 6). Expression of Spxl is first detected at 1 week in undifferentiated type A spermatogonia, the only spermatogenic cell present at this age. Strong Spxl expression at 2-3 weeks is localized to populations of spermatogonia/preleptotene spermatocytes. By 4 weeks of age, at which time most populations of differentiating spermatogenic cells are present, Spxl expression expands to include round spermatid populations. In the mature mouse testis, Spxl expression is localized to the spermatogonia/ preleptotene spermatocytes and round spermatids of stages IV-VII of spermatogenesis. The presence of Spxl transcripts in spermatogonia up to the preleptotene stage suggests that SPX1 may be involved in spermatogonial proliferation and/or the events controlling meiosis, while the expression in round spermatids suggests SPX1 may play a role in spermiogenesis. Future studies, including immunohistochemical analysis and gene targeting, could provide further insight into the function of SPX1 during spermatogenesis. (NEN, Boston, MA) , and hybridized and washed according to Gene Screen protocols. The probe utilized was a 775 bp PstI cDNA fragment that encompasses the 5' half of the cDNA. The quality and quantity of RNA loaded were analyzed by hybridization to a glyceraldehyde-3-phosphate dehydrogenase (Gapdh) probe.
Experimental procedures
For the mutant testis blot, total RNA from the testes of W~/W ~ and Sln/Sl ~ adult mutant mice was prepared by the guanidinium thiocyanate/cesium chloride method (Chomczynski and Sacchi, 1987) . The total RNA was fractionated, transferred, and hybridized as above. The same 775 bp cDNA probe as above was used in this hybridization. A loading control hybridization was performed as above.
cDNA Analysis 4.4. In situ hybridization
Approximately 1.0 x 106 plaques from two different E8.5 cDNA libraries were screened according to Sambrook et al. (1989) with a random hexamer labeled DNA probe corresponding to the Lhx4 homeobox. This resulted in the identification of two Spxl cDNA clones, one from each library. The longer of the two was subcloned into pBS SK, utilizing the automatic cloning protocols that complement the Lambda Zap library system (Stratagene Cloning Systems, La Jolla, CA). It was fully sequenced on both strands using the Sanger dideoxy method with Sequenase (US Biochemical, Cleveland, OH) following supplied protocols. Problem regions (compressions, abnormal spacing, etc.) were further analyzed using 7-deaza dGTP and deoxyinosine triphosphate reactions.
Chromosomal localization
DNAs from a (C57BL/6JEi x SPRET/Ei)F1 x SPRET/ Ei (BSS) backcross panel of 94 N2 segregants were digested with various restriction enzymes, fractionated on a 0.6% agarose gel, transferred to Zeta Probe GT membrane (BioRad, Hercules, CA), and hybridized as previously described (Taylor and Rowe, 1989 ). An Spxl probe of 829 bp was PCR-generated by using a cDNA-specific oligonucleotide primer (5'-TGAGCAACAGGCTGCAT-3') and a T3 primer (5'-AATrAACCCTCACTAAAGGG-3') in conjunction with a template derived from linearizing the original Spxl cDNA/PBS construct with Scal. The product was subsequently random hexamer labeled for hybridization. The data were analyzed using Map Manager (Manly, 1993) .
Northern blot analysis
For the postnatal testis blot, total RNA from the testes of mice aged 10, 20, and 30 days was isolated using RNAzol (Tel-Test Inc., Friendswood, TX). Poly (A)+ RNA was isolated with the Oligotex system (Qiagen Inc., Chatsworth, CA). The mRNA was fractionated on a 1.5% agarose/formaldehyde gel, transferred to Gene Screen Plus membrane Wild type (ICR strain) and Bmp8b -/-homozygous mutant (a mixed genetic background of 129/SvJ x Black Swiss) mice were used to collect embryos and tissues (including ovary, testis, and epididymis). Freshly dissected tissues were rinsed in phosphate buffered saline (PBS) and then fixed in 4% paraformaldehyde/PBS for 3-12 h, depending on the size. After fixation, tissues were dehydrated in a series of ascending concentrations of ethanol and cleared in two changes of xylenes. Tissues were embedded in paraplast, sectioned at 7/zm, and then mounted to Superfrost plus slides (Fisher Scientific, Pittsburgh, PA) under RNase-free conditions. The detailed in situ procedure is essentially as described with slight modifications (Zhao et al., 1993; . In brief, for testis in situ hybridization, the proteinase K digestion time was extended to 8 min to allow better permeability, and the hybridization temperature was raised to 60-65°C for in situ hybridization of all tissues to increase the specificity of the signal.
Slides were dipped in NTB-2 Kodak emulsion (Eastman Kodak Co., Rochester, NY), then exposed for 5-6 days at 4°C. After being developed and fixed, slides were stained in Mayer's hematoxylin (Sigma, St. Louis, MO) for 3-5 min and then mounted with Permount (Fisher Scientific, Pittsburgh, PA) for photography. Both dark-field and bright-field photomicrographs were taken.
